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Supplementary Material 

1 Supplementary Tables 

Table S1: Variables used in the Gross Margin Analysis (GMA) for healthy dairy cattle (A), beef cattle (B), and sheep (C) per animal. Normal distributions denote a 

mean value μ and the standard deviation σ in brackets; Triangle distributions denote a distribution with lower and upper limits and mode. Bold letters in the 

variables are used in the notations. To avoid duplicate notations, we combined upper and lower case characters. 

(A) Dairy cattle 

Variable Unit Notation Calculation / value Data source/ comments 

Gross Margin healthy Dairy per 
year 

€ GMDy 
𝑅𝐷𝑦 − 𝑉𝐶𝐷𝑦 

 

Revenues Dairy per year € RDy 𝑅𝑚𝑖𝑦 + 𝑅𝑎𝑛𝑦 + 𝑅𝑚𝑎𝑦  

Revenues for selling milk € Rmiy 𝑚𝑦𝑦 ∗ 𝑚𝑠𝑦 ∗ 𝑚𝑝𝑚  

milk yield kg/cow 
myy 

Normal distribution (μ=yearly national average milk yield; 
σ=yearly mean standard deviation) 

Monthly milk yield per federal state. Source: 
Federal statistical office, Statistisches Bundesamt; 
https://www.destatis.de/ Retrieved in June 2013 

proportion of milk sold per cent msy 

0.95 

Fixed value. Source: Bavarian State Agency for 
Agriculture, Bayerische Landesanstalt für 
Landwirtschaft; 
https://www.stmelf.bayern.de/idb/milchkuhhaltung.ht
ml Retrieved in June 2013 

milk price €/kg 

mp2006 Sampling from milk prices in Germany 2006 (RiskResample) Sampling of monthly average milk prices per federal 
state. Source: Federal Office for Agriculture and Food, 
Bundesanstalt für Landwirtschaft und Ernährung; 
https://www.ble.de/DE/BZL/Daten-Berichte/Milch-
Milcherzeugnisse/milch-milcherzeugnisse_node.html 
Retrieved in June 2013 

mp2007 Sampling from milk prices in Germany 2007 (RiskResample) 

mp2008 Sampling from milk prices in Germany 2008 (RiskResample) 

mp2009 
Sampling from milk prices in Germany 2009 (RiskResample) 

Revenues for selling animals € Rany 𝑅𝑐𝑎𝑙𝑓𝑦 + 𝑅𝑐𝑜𝑤𝑦   

Revenues from calf sale € Rcalfy 𝐶𝐶𝑦 ∗ 𝑝𝑚𝑐𝑦 ∗ 𝑟 + 𝐶𝐶𝑦 ∗ 𝑝𝑓𝑐𝑦 ∗ (1 − 𝑟)  

number of Calves per Cow per year n CCy 365

𝐶𝑖
−

365

𝐶𝑖 ∗ 𝑐𝑚𝑦

 
 

price male calf € pmcy Triangle distribution (82; 124; 107) Kloepfer et al. (2012) 

https://www.destatis.de/
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.ble.de/DE/BZL/Daten-Berichte/Milch-Milcherzeugnisse/milch-milcherzeugnisse_node.html
https://www.ble.de/DE/BZL/Daten-Berichte/Milch-Milcherzeugnisse/milch-milcherzeugnisse_node.html
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price female calf € pfcy Triangle distribution (31; 62; 45) 

male/female ratio per cent r 0.5 Fixed value, Bavarian State Agency for Agriculture 

Revenues from cow sale € Rcowy (𝑝𝐶 ∗ 𝑤𝐶 − 𝑚𝐶) ∗ (1 − 𝐶𝑚) ∗ 𝑅𝑅  

price slaughter Cow €/kg pC 2.05 Fixed value, Bavarian State Agency for Agriculture 

average weight of a slaughter Cow kg wC 326 Fixed value, Bavarian State Agency for Agriculture 

marketing costs of a Cow € mC 21 Fixed value, Bavarian State Agency for Agriculture 

adult Cow mortality rate  per cent Cmy 0.054 Fixed value, Bavarian State Agency for Agriculture 

Replacement Rate per cent RR 0.33 Fixed value, Bavarian State Agency for Agriculture 

Calving interval days Ci 

Triangle distribution (376; 417; 458) 

Estimated. Source: Identification and Information 
System for Animals, Herkunftssicherungs- und 
Informationssystem für Tiere , HIT; https://www.hi-
tier.de/ 

calf mortality rate per cent cmy Triangle distribution (5; 10; 15) Bavarian State Agency for Agriculture 

Revenues for selling manure € Rmay 111 Fixed value, Bavarian State Agency for Agriculture 

Variable Costs healthy Dairy per 
year  

€ VCDy 𝑉𝐶𝑟𝑦 + 𝑉𝐶𝑓𝑒𝑦 + 𝑉𝐶𝑐𝑟𝑦 + 𝑉𝐶𝑣𝑦 + 𝑉𝐶𝑤𝑎𝑦 + 𝑉𝐶𝑖𝑛𝑠𝑦 + 𝑉𝐶𝑚𝑎𝑐𝑦

+ 𝑉𝐶𝑙𝑎𝑏𝑦 + 𝑉𝐶𝑚𝑖𝑠𝑦  

 

Variable Costs for restocking € VCry (𝑝ℎ + 𝑚ℎ) ∗ 𝑅𝑅  

price for a heifer € phy 1,950 Fixed value, Bavarian State Agency for Agriculture 

marketing costs for a heifer € mhy 33 Fixed value, Bavarian State Agency for Agriculture 

Variable Costs for feed € VCfey 𝑚𝑦𝑦 − 𝑚𝑦𝑓𝑦

𝑒𝑓𝑐𝑜𝑛 
∗ 𝑝𝑐𝑜𝑛  

Feed costs included the costs for concentrates. For dairy 
cattle, estimations were based on the average daily 
intake depending on the amount of milk produced 

milk yield from forage kg myfy 
(𝐸𝑓𝑦 − 𝐸𝑏𝑦)/3.3 

3.3= Energy requirement per kg milk in MJ/kg;  
Bavarian State Agency for Agriculture 

Energy from forage MJ Efy 26,918 Fixed value, Bavarian State Agency for Agriculture 

Energy for basic metabolism MJ Eby 15,300 Fixed value, Bavarian State Agency for Agriculture 

efficiency factor of concentrates  efcon 1.9 Fixed value, Bavarian State Agency for Agriculture 

price for concentrates €/100 kg pcon 28 Fixed value, Bavarian State Agency for Agriculture 

Variable Costs for calf rearing € VCcry 57.66 Fixed value, Bavarian State Agency for Agriculture 

Variable Costs for veterinarian € VCvy 165 Fixed value, Bavarian State Agency for Agriculture 

Variable Costs for water, electricity € VCway 75.63 Fixed value, Bavarian State Agency for Agriculture 

Variable Costs for insemination € VCinsy 29.41 Fixed value, Bavarian State Agency for Agriculture 

Variable Costs for machines € VCmacy 58.82 Fixed value, Bavarian State Agency for Agriculture 

Variable Costs for hired labor € VClaby 0 Fixed value, Bavarian State Agency for Agriculture 

Variable Costs miscelaneous € VCmisy 36.13 Fixed value, Bavarian State Agency for Agriculture 

 

https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.hi-tier.de/
https://www.hi-tier.de/
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
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(B) Beef cattle 

Variable Unit Notation Calculation / value Data source / comments 

fattening cycle days f (𝑤 − 𝑠𝑤)/dwg One fattening cycle = 22 months 

conversion factor to change from fattening 
cycle to year 

 c 365/f  

finishing weight kg w 600 Fixed value, Bavarian State Agency for Agriculture 

start weight kg sw 69 Fixed value, Bavarian State Agency for Agriculture 

daily weight gain kg/day dwg 1.05 Fixed value, Bavarian State Agency for Agriculture 

Gross Margin healthy Fattening per year € GMFy 𝑅𝐹𝑦 − 𝑉𝐶𝐹𝑦   

Revenues Fattening per year € RFy 𝑅𝑎𝑛𝑦 + 𝑅𝑚𝑎𝑦   

Revenues for selling animals € Rany 𝑝𝑓 ∗ 𝑑𝑤  

slaughter price fattening €/kg pf 3.25 National yearly median of meat prices (male and 
female calves, cows and bulls), Federal statistical 
office 

dressed weight fattening kg dw 𝑤𝑓 ∗ 0.558*c  

marketing costs fattening € mf 23*c Fixed value, Bavarian State Agency for Agriculture 

fattening mortality per cent fm 0.031 Fixed value, Bavarian State Agency for Agriculture 

Revenues for selling manure € Rmay 53.5*c Fixed value, Bavarian State Agency for Agriculture 

Variable Costs healthy Fattening per year € VCFy 𝑉𝐶𝑟𝑐𝑦 + 𝑉𝐶𝑓𝑒𝑦+𝑉𝐶𝑣𝑦 + 𝑉𝐶𝑤𝑎𝑦 + 𝑉𝐶𝑚𝑎𝑐𝑦 + 𝑉𝐶𝑚𝑖𝑠𝑦   

restocking (calf purchase) € VCrcy 145*c Fixed value, Bavarian State Agency for Agriculture 

feed (rearing, roughage, concentrates) € VCfey 607*c Fixed value, Bavarian State Agency for Agriculture 

veterinarian € VCvy 24*c Fixed value, Bavarian State Agency for Agriculture 

water, electricity € VCway 19*c Fixed value, Bavarian State Agency for Agriculture 

machines € VCmacy 25*c Fixed value, Bavarian State Agency for Agriculture 

miscellaneous € VCmisy 9*c Fixed value, Bavarian State Agency for Agriculture 

 

(C) Sheep 

Variable Unit Notation Calculation / value Data source / comments 

Gross Margin healthy Sheep per year € GMSy 𝑅𝑆𝑦 − 𝑉𝐶𝑆𝑦  

Revenues Sheep per year € RSy 𝑅𝑤𝑦 + 𝑅𝑎𝑛𝑦 + 𝑅𝑠𝑦  

Revenues for selling wool € Rwy 𝑤𝑦 ∗ 𝑤𝑝𝑦/100  

wool sold kg wy 4.5 Fixed value, Mendel (2008) 

wool price Cent/kg wpy 70 Fixed value, Mendel (2008) 

Revenues for selling animals € Rany 𝑅𝑙𝑎𝑚𝑏𝑦 + 𝑅𝑒𝑤𝑒𝑦   

https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
https://www.stmelf.bayern.de/idb/milchkuhhaltung.html
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Revenues for lambs € Rlamby 𝑅𝑙𝑠𝑦 + 𝑅𝑙𝑑𝑦 + 𝑅𝑙𝑜𝑦   

Revenues lambs sold (through markets) € Rlsy 𝑛𝑙𝑦 ∗ 𝑝𝑙𝑠 ∗ 𝑝𝑙𝑦 ∗ 𝑤𝑙  

Revenues lambs sold (directly to the consumer) € Rldy 𝑛𝑙𝑦 ∗ 𝑝𝑙𝑑 ∗ 𝑝𝑙𝑦 ∗ 𝑤𝑙  

Revenues lambs (own consumption) € Rloy 𝑛𝑙𝑦 ∗ 𝑝𝑙𝑜 ∗ 𝑝𝑙𝑦 ∗ 𝑤𝑙  

number of lambs n nly 1.23 Fixed value, Mendel (2008) 

proportion of lambs sold (traded) per cent pls 0.45 Fixed value, Mendel (2008) 

proportion of lambs sold (direct marketing) per cent pld 0.5 Fixed value, Mendel (2008) 

proportion of lambs (own consumption) per cent plo 0.05 Fixed value, Mendel (2008) 

price lamb €/kg ply 2.0 Fixed value, Mendel (2008) 

average weight of lamb kg wl 45 Fixed value, Mendel (2008) 

lamb mortality per cent cmy 6 Fixed value, Mendel (2008) 

Revenues for ewes € Rewey 𝑛𝑒𝑠𝑦 ∗ 𝑝𝑒𝑦 ∗ 𝑤𝑒  

number of sold ewes n nesy 1 ∗ (𝑅𝑅 − 𝑒𝑀𝑦) Fixed value, Mendel (2008) 

price ewe €/kg pe 0.4 Fixed value, Mendel (2008) 

average weight of ewe kg we 90 Fixed value, Mendel (2008) 

Replacement Rate per cent RR 20 Fixed value, Mendel (2008) 

ewe Mortality per cent eMy 2 Fixed value, Mendel (2008) 

Revenues for selling skin € Rsy 𝑛𝑠𝑦 ∗ 𝑝𝑠𝑦/100  

number of skins sold (direct marketing) n nsy 𝑛𝑙𝑦 ∗ 𝑝𝑙𝑑  

price skin €/skin psy 3 Fixed value, Mendel (2008) 

Variable Costs healthy Sheep per year  € VCSy 𝑉𝐶𝑟𝑦 + 𝑉𝐶𝑓𝑒𝑦 + 𝑉𝐶𝑣𝑦 + 𝑉𝐶𝑤𝑎𝑦 + 𝑉𝐶𝑖𝑛𝑠𝑦

+ 𝑉𝐶𝑚𝑎𝑟𝑦 + 𝑉𝐶𝑙𝑎𝑏𝑦 + 𝑉𝐶𝑚𝑖𝑠𝑦  

 

Variable Costs for restocking € VCry 0 Fixed value, Mendel (2008) 

Variable Costs for feed € VCfey 96 Fixed value, Mendel (2008) 

Variable Costs for veterinarian € VCvy 5.50 Fixed value, Mendel (2008) 

Variable Costs for water, electricity, bedding € VCway 5 Fixed value, Mendel (2008) 

Variable Costs for insemination (ram) € VCinsy 4 Fixed value, Mendel (2008) 

Variable Costs for marketing € VCmary 12.80 Fixed value, Mendel (2008) 

Variable Costs for hired labor € VClaby 7 Fixed value, Mendel (2008) 

Variable Costs miscellaneous € VCmisy 4.5 Fixed value, Mendel (2008) e.g. animal health 
insurance, herding dog. 
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Table S2: Variables used in Gross Margin Analysis influenced by BTV-8 in dairy cattle (A), beef cattle (B), and sheep (C) per animal per year, if clinical signs 

occurred. Normal distributions denote a mean value μ and the standard deviation σ in brackets; Triangle distributions denote a distribution with lower and 

upper limits and mode. Bold letters in the variables are used in the notations. To avoid duplicate notations, we combined upper and lower case characters. 

(A) Dairy cattle 

Variable Unit Notation Impact of BTV-8 Data source / comments 

Reduced milk yield kg/cow myBTy Normal distribution (μ=100; σ=100) Based on Heimberg et al. (2008) 

Increased Calving interval 
(additional number of days) 

days CiBT Normal distribution (μ=80; σ=100) Based on Heimberg et al. (2008) 

Increased calf mortality rate per cent cmy 3 Fixed value, based on Heimberg et al. (2008) 

Increased Mortality rate adult Cow per cent CMy Triangle distribution (0; 1; 2) The value of animals that succumbed to disease as well as costs 
for culling and rendering were not included in the GMA, but in the 
model run on the national level. 

Increased Replacement Rate per cent RR 5 Fixed value, based on Heimberg et al. (2008) 

Increased Variable Costs for 
veterinary treatment dairy 

€ VCvdy Triangle distribution (0; 5; 40) Based on Heimberg et al. (2008) 

(B) Beef cattle 

Variable Unit Notation Impact of BTV-8 Data source / comments 

Reduced daily weight gain kg/day dwg Normal distribution (μ=-0,1; σ=0, 01); Fixed value, expert opinion 

Increased Variable Costs for 
veterinary treatment fattening 

€ VCvfy Normal distribution (μ=10; σ=1) Fixed value, expert opinion 

(C) Sheep 

Variable Unit Notation Impact of BTV-8 Data source / comments 

Revenues for selling animals € Rany 𝑅𝑙𝑎𝑚𝑏𝑦 + 𝑅𝑒𝑤𝑒𝑦   

number of lambs n nly 0.7 Fixed value, expert opinion 

Increased lamb mortality per cent lmy Normal distribution (μ=25; σ=4) Expert opinion, results of outbreak investigations 

Reduced weight of ewe kg we 15 Fixed value, expert opinion, results of outbreak investigations  

Increased ewe mortality per cent emy Normal distribution (μ=20; σ=4) Expert opinion, results of outbreak investigations  

Increased Replacement Rate per cent RR 10 Fixed value, expert opinion, result of outbreak investigations  

Increased Variable Costs for 
veterinary treatment sheep 

€ VCvsy Normal distribution (μ=10; σ=4) Fixed value, expert opinion 
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Table S3: Variables used in the economic model to estimate the financial impact of BTV-8 per year at the national level. Triangle distributions denote a 

distribution with lower and upper limits and mode. Bold letters in the variables are used in the notations. To avoid duplicate notations, we combined upper and 

lower case characters. 

Variable Unit Notation Calculation Data source / comments 

Total Costs incurred by BTV-8 € CBT 
∑ 𝐷𝐶𝑦 + 𝐼𝐶𝑦 

2018

𝑦=2006

 
 

Direct Costs per year € DCy 𝐷𝐶𝑐𝑦 + 𝐷𝐶𝑑𝑦  

Direct Costs due to clinical illness per year € DCcy 𝐷𝐶𝐷𝑐𝑦 + 𝐷𝐶𝐹𝑐𝑦 + 𝐷𝐶𝑆𝑐𝑦  

Direct Costs Dairy due to clinical illness € DCDcy 𝑛𝐶𝑖𝑦 ∗ 𝑟𝑐𝑐 ∗ 𝑝𝑑/100 ∗  𝑑𝐶𝑝𝑦  

Direct Costs Fattening due to clinical 
illness 

€ DCFcy 𝑛𝐶𝑖𝑦 ∗ 𝑟𝑐𝑐 ∗ 𝑝𝑓/100 ∗  𝑑𝐶𝑝𝑦  

Direct Costs Sheep due to clinical illness € DCScy 𝑛𝑆𝑖𝑦 ∗ 𝑟𝑠𝑐 ∗  𝑑𝐶𝑝𝑦  

Total number of animals (cattle) N nac 12.5 - 12.9 million Fixed annual values; Federal statistical office 

Total number of animals (dairy) n nad 4.1 - 4.3 million Fixed annual values; Federal statistical office 

Total number of animals (fattening) n naf 1.5 - 2.1 million Fixed annual values; Federal statistical office 

Total number of farms (cattle) n nfc 139 - 188 thousand Fixed annual values; Federal statistical office 

Total number of farms (dairy) n nfd 63 - 106 thousand Fixed annual values; Federal statistical office 

Total number of animals (sheep) n nas 2.4 million Fixed value; Federal statistical office 

Total number of farms (sheep) n nfs 29 thousand Fixed value; Federal statistical office 

proportion of dairy cows in the cattle 
population 

per cent pd 𝑛𝑎𝑑

𝑛𝑎𝑐
 

 

proportion of fattening animals in the 
cattle population 

per cent pf 𝑛𝑎𝑓

𝑛𝑎𝑐
 

 

direct Costs Dairy per animal € dCDy 𝐺𝑀𝐷𝑦 − 𝐺𝑀𝑐𝑝𝑦 Distribution of direct costs previously calculated in the GMA (see 
Tables S1-S2). direct Costs Fattening per animal € dCFy 𝐺𝑀𝐹𝑦 − 𝐺𝑀𝑐𝑝𝑦  

direct Costs Sheep per animal € dCSy 𝐺𝑀𝑆𝑦 − 𝐺𝑀𝑐𝑝𝑦 

Gross Margin of a clinically ill animal (per 
species/production type) 

€ GMcpy See supplementary tables S1 and S2 

number of Cattle newly infected n nCiy 𝐼𝑠𝑦

100
∗ 𝑛𝑐𝑧𝑦 

 

number of Sheep newly infected  n nSiy 𝐼𝑠𝑦

100
∗ 𝑛𝑠𝑧𝑦 

 

Incidence per species (cattle, sheep)  Isy 𝐼2006

𝑃2006

∗ 𝑃𝑠𝑦 
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Farm Prevalence: number of officially 
reported outbreaks per species 

n Psy  German animal disease notification system, 
TierSeuchenNachrichten; https://tsn.fli.de/; public site: 
https://tsis.fli.de 

number of cattle in restriction zones n nczy fixed values 2006: cattle/ sheep population in the affected federal states, 
according to the Federal statistical office and the cross-sectional 
study performed in 2007 (Gethmann et al., 2011) 
2007-2011: whole German cattle/ sheep population according to 
the Federal statistical office;  
2012-2018: zero animals (no restriction zones) 

number of sheep in restriction zones n nszy fixed values 

Morbidity rate cattle (proportion of 
infected cattle that show clinical signs) 

per cent rcc Triangle distribution (0.05; 0.1; 0.15) Based on data obtained from the German animal disease 
notification system 

Morbidity rate sheep (proportion of 
infected sheep that show clinical signs) 

per cent rsc Triangle distribution (0.15; 0.2; 0.25) Based on data obtained from the German animal disease 
notification system 

Direct Costs through death per year € DCdy 𝐷𝐶𝐶𝑑𝑦 + 𝐷𝐶𝑆𝑑𝑦  

Direct Costs Cattle through death € DCCdy 𝑛𝐶𝑑𝑦 ∗ 𝑣𝑐𝑦  

Direct Costs Sheep through death  € DCSdy 𝑛𝑆𝑑𝑦 ∗  𝑣𝑠𝑦   

number of dead Cattle n nCdy 𝑛𝐶𝐼𝑦 ∗ 𝑛𝐶𝐼2007/𝑛𝐶𝑑2007 Estimation based on the Animal Disease Compensation Funds of 
the federal states for 2007. It is assumed that the mortality at the 
population level remained constant throughout the years.  

number of dead Sheep n nSdy 𝑛𝑆𝐼𝑦 ∗ 𝑛𝑆𝐼2007/𝑛𝑆𝑑2007 

value of dead cattle €/animal vcy Triangle distribution (1,500; 1,700; 1,900) Mean compensation paid to the farmers by the Animal Disease 
Compensation Fund of the federal state of North-Rhine 
Westphalia (cattle: includes animal value and 200 € disposal 
costs; sheep: includes animal value)  

value of dead sheep €/animal vsy Triangle distribution (120; 145; 170) 

Indirect Costs per year € ICy 𝐼𝐶𝑆𝑦 + 𝐼𝐶𝐸𝑦 + 𝐼𝐶𝐼𝑦 + 𝐼𝐶𝑉𝑦 + 𝐼𝐶𝑀𝑦 + 𝐼𝐶𝐴𝑦  

Indirect Costs for BT Surveillance € ICSy 𝑛𝑓𝑠𝑦 ∗ (𝑐𝑡𝑓 + 𝑐𝑝𝑓) + 𝑛𝑠𝑠𝑦 ∗ 𝑐𝑠𝑎𝑠 + 𝑛𝐸𝐿𝐼 ∗ 𝑐𝐸𝐿𝐼

+ 𝑛𝑃𝐶𝑅 ∗ 𝑐𝑃𝐶𝑅 

 

number of tested farms for surveillance n nfsy  Reports of the federal states to the Friedrich-Loeffler-Institut 

costs for travelling per tested farm €/farm ctf 𝑘 ∗ 𝑑 ∗ 2 Sampling for both the sentinel and the cross-sectional study 
(Gethmann et al., 2011) was done by official veterinarians and 
not invoiced according to the veterinary fee schedule 
(Gebührenordnung für Tierärzte; 
https://www.bundestieraerztekammer.de/tieraerzte/beruf/got/). 
Therefore, for these two programs, travel costs and personnel 
costs were estimated and added separately. Travel costs were 
multiplied by 2 to account for the full round-trip time. 

Fee charged per km €/km k Triangle distribution (0.30; 0.33; 0.36) 

Average distance veterinary office - farm km d Triangle distribution (5; 10; 20) 

costs for personnel per tested farm €/farm cpf 𝑡𝑠𝑓 ∗ 𝑐𝑝ℎ  

time spent at farm h/farm tsf Triangle distribution (0.5; 1; 1.5) 

costs for personnel per hour €/hour cph Triangle distribution (70; 77; 84) 

number of samples per species and year n nssy   

https://tsn.fli.de/
https://www.bundestieraerztekammer.de/tieraerzte/beruf/got/
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costs for sampling per species (cattle, 
sheep) 

€/animal csas Triangle distribution (1.5; 2; 2.5) Monthly reports of the federal states to the German Federal 
Ministry for Food and Agriculture and annual applications of the 
Federal Ministry to the European Commission for co-financing 
(https://ec.europa.eu/food/funding/animal-health/national-
veterinary-programmes_en) 

number of samples per species tested 
with ELISA and PCR 

 nssELI    

nssPCR    
 

 

costs for ELISA and PCR €/test cELI    
cPCR    

ELISA: 1.69 –  4.94 
PCR: 17.12 - 25.08 

Annual applications of the Federal Ministry for Food and 
Agriculture to the European Commission for co-financing. 
Includes tests in regional and national reference laboratories, i.e. 
laboratory analysis, test kits and chemicals 
(https://ec.europa.eu/food/funding/animal-health/national-
veterinary-programmes_en) 

Indirect Costs for additional measures for 
Export 

€ ICEy 𝑐𝑐𝑒𝑦 + 𝑐𝑠𝑒𝑦  

costs for measures cattle export  € ccey 𝑛𝑐𝑒𝑦 ∗ 𝑝𝑒𝑦 ∗ 𝑐𝑒𝑡𝑦  

number of cattle exported  n ncey fixed values Eurostat (as of 08.01.2018), excluding BT-affected countries 
(Belgium, Switzerland, Luxembourg, The Netherlands, France) 
(http://epp.eurostat.ec.europa.eu/newxtweb/) 

proportion of animals exported to BT-
free countries (additional measures 
necessary) 

per cent pey pe2006 =Triangle distribution (15; 20; 25) 
pe2007 =Triangle distribution (60; 70; 80) 

pe2008 =Triangle distribution (80; 90; 100) 
pe2009 =Triangle distribution (30; 40; 50) 

 

Annual applications of the Federal Ministry for Food and 
Agriculture to the European Commission for co-financing. In 2006, 
the epidemic did not start before August. The annual mean 
proportion was therefore rather low; from 2010 onwards all 
animals were vaccinated, so testing was no longer necessary. 

costs for export test €/animal cety Triangle distribution (20; 25; 50) Test costs (cPCR) as reported by the Federal States  

costs for measures sheep export € csey 𝑛𝑠𝑒𝑦 ∗ 𝑝𝑒𝑦 ∗ 𝑐𝑒𝑡𝑦  

number of sheep exported  n nsey fixed values Eurostat (as of 08.01.2018), excluding BT-affected countries 
(Belgium, Switzerland, Luxembourg, The Netherlands, France) 
(http://epp.eurostat.ec.europa.eu/newxtweb/) 

Indirect Costs for treatment with 
Insecticides 

€ ICIy 𝑐𝑐𝑖𝑦 + 𝑐𝑠𝑖𝑦   

costs for cattle insecticide treatment  € cciy (𝑛𝑐𝑧𝑦 ∗ 𝑐𝑖𝑦 + 𝑛𝑐𝑓𝑧𝑦 ∗ 𝑐𝑖𝑓𝑦) ∗ 𝑝𝑖𝑐𝑦   

number of cattle in restriction zones n nczy fixed values For 2006: Results of a cross-sectional study  
(Gethmann et al., 2011); for 2007-2011: all animals 

costs for insecticides €/anim
al 

ciy Triangle distribution (1; 1.3; 1.6) Market prices (e.g. Butox® pour on: Price for 2500 ml ~ 124 €, 
~80-120 cattle can be treated  1.0-1.6 €/cattle) 

https://ec.europa.eu/food/funding/animal-health/national-veterinary-programmes_en
https://ec.europa.eu/food/funding/animal-health/national-veterinary-programmes_en
https://ec.europa.eu/food/funding/animal-health/national-veterinary-programmes_en
https://ec.europa.eu/food/funding/animal-health/national-veterinary-programmes_en
http://epp.eurostat.ec.europa.eu/newxtweb/
http://epp.eurostat.ec.europa.eu/newxtweb/
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number of cattle farms in restriction 
zones 

n ncfzy fixed values For 2006: cattle farms of the affected federal states (Gethmann 
et al., 2011); For 2007-2011: all cattle farms in Germany (Federal 
statistical office); 2012-2018: zero farms (no restriction zones). 

costs for insecticide treatment per farm 
(personnel) 

€/farm cify Triangle distribution (10; 20; 30) Mean farm size ~ 60 animals, time per animal ~ 0.5-1 minute 

proportion of insecticide treated cattle per cent picy pic2006 = 0.8;  pic2007 = 0.4;  pic2008 = 0.1  
pic2009-2012 = 0.05 

Own estimate; in 2006, most farmers used insecticides; in the 
following years, insecticide treatment decreased. 

costs for sheep insecticide treatment  € csiy (𝑛𝑖𝑠𝑓𝑦 ∗ 𝑠𝑓 ∗ 𝑐𝑖𝑦) + (𝑛𝑖𝑠𝑓𝑦 ∗ 𝑐𝑖𝑓𝑦)  

number of infected sheep farms n nisfy  German animal disease notification system 

Mean number of sheep per farm n sf 𝑛𝑎𝑠

𝑛𝑓𝑠
  

Indirect Costs for Vaccination € ICVy 𝐼𝐶𝑉𝑐𝑦 + 𝐼𝐶𝑉𝑠𝑦   

Indirect Costs for Vaccination of cattle € ICVcy 𝑛𝑣𝑑𝑐𝑦 ∗ (𝑐𝑣𝑐𝑑 + 𝑐𝑣𝑎𝑐𝑑) + (𝑛𝑣𝑐𝑓𝑦 ∗ 𝑐𝑐𝑓)  

number of vaccine doses cattle n nvdcy fixed Identification and Information System for Animals 

number of vaccinated cattle farms n nvcfy fixed Identification and Information System for Animals 

costs for vaccine cattle €/dose cvcd 0.62 Veterinary fee schedule; data source for 2009: Annual application 
of the BMEL to the European Commission for co-financing 

costs for vaccination cattle €/dose cvacd Triangle distribution (1; 1.4; 1.8) Animal Disease Compensation Fund of the federal states; 
veterinary fee schedule. Fees charged by veterinarians for 
vaccinations were 3.44 €/cattle for the first five animals and 2.30 
€/cattle for all other animals. However, the annual applications 
for co-financing reported about 1.45 € per vaccination dose. This 
was possibly due to special conditions for BT mass-vaccination in 
some federal states and because vaccination was in some 
districts done by official veterinarians who did not charge extra. 

costs per vaccinated cattle farm €/farm ccf Triangle distribution (17; 19; 23) Veterinary fee schedule. Herd fee charged by veterinarians per 
callout to a cattle farm including travel costs and veterinary 
advice 

Indirect Costs for Vaccination of sheep € ICVsy 𝑛𝑣𝑠𝑦 ∗ (𝑐𝑣𝑠𝑑 + 𝑐𝑣𝑎𝑠𝑑) + (𝑛𝑣𝑠𝑓𝑦 ∗ 𝑐𝑠𝑓)  

number of vaccinated sheep n nvsy fixed Identification and Information System for Animals. In contrast to 
cattle, sheep were vaccinated only once per year 

number of vaccinated sheep farms n nvsfy fixed Identification and Information System for Animals 

costs for vaccine sheep €/dose cvsd 0.447  

costs for vaccination sheep €/dose cvasd Triangle distribution (1.35; 1.50; 1.65) Animal Disease Compensation Fund of the federal states; 
veterinary fee schedule: Fees charged by veterinarians for 
vaccinations were 1.14 €/sheep. However, the annual 
applications for co-financing reported about 1.45 € per 
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vaccination dose. This was possibly due to special conditions for 
BT mass-vaccination in some federal states and because 
vaccination was in some districts done by official veterinarians 
who did not charge extra. 

costs per vaccinated sheep farm €/farm csf Triangle distribution (15; 17; 19) Veterinary fee schedule. Herd fee charged by veterinarians per 
callout to a sheep farm including travel costs and veterinary 
advice. 

Indirect Costs for vector Monitoring € ICMy 𝑛𝑣𝑡𝑦 ∗ (𝑐𝑣𝑚𝑡𝑦 + 𝑐𝑣𝑚𝑚𝑦) + 𝑛𝑣𝑚𝑒𝑦 ∗ 𝑐𝑣𝑚𝑒𝑦  

number of vector traps n nvty fixed Application tables for co-financing 2007 and 2008 

costs vector monitoring (traps) €/trap cvmty 821 (2007), 770 (2008) Costs for traps and data loggers, applications of the Federal 
Ministry for Food and Agriculture to the European Commission 
for co-financing 

costs vector monitoring (trap 
management) 

€/trap cvmmy 1000 Fixed value, expert opinion of Dr. Helge Kampen, Friedrich-
Loeffler-Institut 

number of vector monitoring 
(entomological tests) 

n nvmey fixed Application tables for co-financing 2007 and 2008 

costs vector monitoring (entomological 
tests) 

€/samp
le 

cvmey fixed Application tables for co-financing 2007 and 2008 

Indirect Costs for reporting and 
Administration 

€ ICAy 𝑡𝑃𝑦 ∗ 𝑑 ∗ 𝑘 ∗ 2 + (𝑡𝑓 ∗ 𝑝ℎ) Collation, standardization and reporting data 

total BT Prevalence (number of affected 
cattle and sheep farms) 

n tPy fixed values German animal disease notification system 

Average distance veterinary office - farm km d Triangle distribution (5; 10; 20) Estimated based on the size of the districts (Federal statistical 
office) 

Fee charged per km €/km k Triangle distribution (0.30; 0.33; 0.36) Based on official mileage allowance („Einkommensteuergesetz 
(EStG) § 9 Werbungskosten“) 

Average time spent per farm hours/ 
farm 

tf Triangle distribution (1.2; 2.2; 2.75) Estimated based on own experience 

Average personnel costs per hour €/hour ph Triangle distribution (70; 77; 84) Based on labour cost rates of the Federal Ministry of Finance  
(https://www.bundesfinanzministerium.de/Content/DE/Standard
artikel/Themen/Oeffentliche_Finanzen/Bundeshaushalt/personal
kostensaetze.html)  

 

  

https://www.bundesfinanzministerium.de/Content/DE/Standardartikel/Themen/Oeffentliche_Finanzen/Bundeshaushalt/personalkostensaetze.html
https://www.bundesfinanzministerium.de/Content/DE/Standardartikel/Themen/Oeffentliche_Finanzen/Bundeshaushalt/personalkostensaetze.html
https://www.bundesfinanzministerium.de/Content/DE/Standardartikel/Themen/Oeffentliche_Finanzen/Bundeshaushalt/personalkostensaetze.html

